We report on the measurements of electronic transport properties of CVD graphene placed on a pre-patterned substrate with periodic nano trenches. A strong anisotropy has been observed between the transport parallel and perpendicular to the trenches. Characteristically different weak localization corrections have been also observed when the transport was perpendicular to the trench, which is interpreted as due to a density inhomogeneity generated by the potential modulations.
I. Introduction
Graphene has unique electronic properties resulting from its linear dispersions [1, 2] . Since its first discovery by mechanical exfoliation method, there are several other methods developed for the production of graphene such as an epitaxial growth on SiC [3] or a CVD growth on a metal foil [4] [5] [6] . Many of the electronic measurements were done for a graphene placed on a Si substrate covered with a 300 nm thick SiO 2 .
The effects of substrates on the electronic transport are especially important, and it was known that the mobility can be greatly enhanced if the graphene is suspended [7] . This also provides a possibility that an interesting transport characteristic can be observed on a different substrate other than SiO 2 . For example, there have been studies which incorporated a high-K material or hexagonal boron nitride on the substrate to identify the scattering mechanisms that limit the mobility [8] [9] [10] [11] . Another way of modifying the substrate is to make nano-sized patterns with various geometries. It can provide separate regions on the substrate with different impurity profiles. With the common use of the substrate as a backgate, the nano patterns will also generate a potential modulation and could result in a density inhomogeneity of the carriers.
In this study, we have measured the electronic transport of graphene placed on a substrate which had been pre-patterned with periodic nano trenches.
Depending on the relative direction of the electric current to that of the trenches, a strong anisotropy has been observed. The carrier mobility was much lower when the current was directed perpendicular to the trenches. In addition, quantum corrections to the resistivity due to the weak localization showed a different behavior so that the intervalley scattering time was higher than the phase coherence time, which is believed to result from the potential modulation formed by the periodic trenches.
II. Experimental Method
In Fig. 1(a 
III. Results and Discussion
In Fig To limit the gate leakage current below 1 nA,   was We note that the supported and the suspended parts in the trench region will provide different impurity potentials for the carrier transport since the charged impurities in SiO2, the predominant source of the impurities, are absent for the suspended part.
This will make a modulation in the impurity potential profile. In addition, the gate voltages in the presence of trenches will induce an electrostatic potential modulation. The carriers in the perpendicular trench region will cross such a potential landscape to transport from the source to the drain with some scattering from the potential barriers. Even though a similar potential modulation will be induced in the parallel trench region, the carriers can transport within a same potential profile area and do not need to cross the potential landscape. This characteristically different transport can result in the observed differences in the mobility. We note that a reduction in the mobility by 1∼2 orders of magnitude compared with a pristine graphene has been previously observed in a graphene nanomesh device where the carriers experience scattering by the hard walled potential of nano holes fabricated directly on the graphene [12] .
To explore the effects of such potential modulations on the quantum transport, we measured the low field magnetoresistance and studied the weak localization corrections. Weak localization negative magnetoresistance in graphene has been observed in many graphene samples if the intervalley scattering makes a transition to a different chiral state possible [13] [14] [15] . In graphene, the magnetoresistance is given by the formula developed by McCann et al. [16] 
where
 is Digamma function, and    * are phase coherence time, intervalley scattering time, and intravalley scattering time, respectively. In Fig. 3(a) region, and then becomes the largest in the perpendicular trench region. In the perpendicular trench region,   is even larger than   . An increase of   compared with   was also observed in other studies close to the Dirac point, and it was argued that the formation of electron-hole puddles was a possible cause for that [13, 15] . Transport across a p-n junction in graphene is known to be highly transparent for normal incidence due to the Klein tunneling [17] , and such tunneling happens without the chirality-breaking intervalley scattering. Therefore, the formation of electron-hole puddles and the accompanying p-n junctions will make some conduction channels through the Klein tunneling and will make the effective intervalley scattering time longer. In our data for the perpendicular trench region,   is larger than   even far from the Dirac point, where the effects of electron-hole puddles are supposed to be less important.
Nevertheless, the modulation of potential profile will yield a density inhomogeneity and could generate effective barriers for the carrier transport and some electron-hole puddles. A presence of transport channel by the Klein tunneling through such barriers could result in an increase of   .
IV. Conclusion
We have studied the electronic transport properties of graphene placed on periodic nano trenches.
Depending on the direction of the current relative to the direction of the potential modulation generated 
